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fosite, the impact absorbing 



3. 



CLAIM(S): 

1. An impact absorbing co 
composite comprising: 

a plurality of \mpa6t absorbing members; and 
a flexible lay^f each impact absorbing member integral 
wittKthe flexible layer. 

2. The impact absorbing composite of claim 1 wherein: 
the flexible layer has internal surface^tfiat define a 

plurality of holes in the flexible layer; 
a first polymeric material is fixed wtynin the holes of the 
flexible layer; 

the impact absorbing members/ comprise a second 

polymeric material; and 
the first polymeric material in the/holesxrf the flexible layer 
is bonded to the secona polyrpen^ material of the 
impact absorbing mentfoersN 
The impact absorbing comp6site of 



cl< 



wherein: 

the flexible layer has a first major durfapeo^fnd a second 
major surface, the first major surface and the 
second major sunrace located on opposing sides of 
the flexible layer; and 
the holes of the flexible layer extend through the first 
major surface or the second major surface^ 

4. The impact absormng composite of claim 2wfierein the 
first polymeric material and the j&econd polymeric material are the same. 

5. The impact absorbing composite of claim ^Wherein: 
the flexible Islyer has internal surfaces that define a 

plurality of holes in the flexible layer; 
the impact/ absorbing members comprise a polymeric 
material; and 
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the polymeric material of thejppr^actjakikorbing members 
extends into an^^tixecl wi^nimthe holes of the 
flexible 

6. The impactabsorbing composite of claim jl^yvKerein the 
impact absorbing members are formed of closed cell polymeric foam. 

7. The impact absorbing corppetfite^ of claim 7 wherein the 
closed cell polymeric foam comprises polymeric materialiKat is selected 
from the group consistipg^6f polystyrene, polyethylene, polypropylene, 
and any combination of any of these. 

8. <^The impact absorbing composite of claim 6wherein the 
closed cell polymeric foam has a density, determined using ASTM 
D 1622-98, that ranges from about 16 kilograms per cubic meter to about 
1280 kilograms per cubic meter. 

9. The impact absorbing composite of claim lAA/herein each 
impact absorbing member is free of voids. X 

10. The impact absorbing composite of claim 1 wherein 
adjacent impact absorbing members are discrete and jpdividually 
distinct from each other. 

11. The impact absorbing composite of claim 1 wherein 
adjacent impact absorbing members are in contact with eacj><5ther. 

12. The impact absorbing composite of claim 1 ^wherein the 
impact absorbing members are movable independently wittfrespect to 
each other. / 

13. The impact absorbing composite of claim 1 wherein the 
impact absorbing composite is reversibly conformable to arcuate three- 
dimensional surfaces and to discontinuous three-dimensicJnal^ surfaces. 

14. The impact absorbing composite of claim 1 wherein the 
flexible layer is stretchable and elastic. 

1 5. The impact absorbing composite of claimf 1 wherein the 
flexible layer comprises a net or open-meshed fabric. f 

16. The impact absorbing composite of claim 1 wherein 
the flexible layer has a first major surface; 
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the impact absorbing members are each located on the 
same side of the flexible layer with each impact 
absorbing member bonded to the first major 
surface; 

all of the impact absorbing members collectively covering 
the first major surface of the flexible layer with a 
footprint having an area, a ratio of the area of the 
footprint to the area of the first major surface being 
at least about 80%. 

1 7. The impact absorbing composite of claim 1 6 wherein the 
ratio of the area of the footprint to the area of the first m^for surface is 
at least about 80%. 

18. The impact absorbing composite of claim 1 wherein the 
impact absorbing members are first impact absorbing-ffiembers, the 
impact absorbing composite further comprising a plurality of second 
impact absorbing members attached in working relation with the first 
impact absorbing members, the first impact absorbing members and the 
second impact absorbing members located on opposing sides of the 
flexible layer. 

1 9. The impact absorbing composite of claim 1 8 wherein the 
first impact absorbing members comprise a polymeric material and the 
second impact absorbing members comprise a polymeric material, the 
polymeric material extending continuously between first impact 
absorbing members and second impact absorbing members that are in 
registry with each other, and the polymeric material extending through 
the flexible layer. 

20. An impact absorbing compjzfeite, the impact absorbing 
composite comprising: / 

a plurality of first impapi absorbing members; 

a plurality of seconjENmpact absorbing members; and 
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~ dO* a flexible layer, each first impaefabsorbing member and 

each secondjm|5act absorbing member attached 
to the^fle5able layer. 

21 . The impact absorbing composite of claim 20urtjerein the 
first impact absorbing members and the second injpsfct absorbing 
members are on opposing sides of the flexible layer. 

22. The impact absorbing composite of claim 20 wherein each 
first impact absorbing member is free of voids. ' 

23. The impact absorbing composite of claim 2p^wherein 
adjacent first impact absorbing members are discrete and individually 
distinct from each other 

24. The impact absorbing composite of claim 20 wherein 
adjacent first impact absorbing members are in contact witlYeach other. 

25. The impact absorbing composite of claim 20 wherein the 
first impact absorbing members are movable independently with respect 
to each other. 

26. The impact absorbing composite of claiiTrgO-wherein the 
impact absorbing composite is reversibly conformable to arcuate three- 
dimensional surfaces and to discontinuous three-dimensional surfaces. 

27. The impact absorbing composite of claim ^wherein the 
flexible layer comprises a net or open-meshed fabricr 

28. The impact absorbing composite of claim 2Q^vp/e\n\ 
the first impact absorbing members are fdrmed of a 

polymeric material; 
the second impact absorbing members are formed of the 

polymeric material; and / 
the polymeric material extending continuously between 
first impact absorbipg members and second impact 
absorbing members that are in registry with each 
other on oopfosing sides of the flexible layer, the 
polymeric material extending through the flexible 
layer/ 
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29. An impact absorbing composite, the impact absorbing 
composite comprising: 

a plurality of impact absorbing members; and 
a flexible layer, the flexible layer extending through each 
impact absorbing member and each impact 
absorbing member attached to the flexible layer. 

30. The impact absorbing composite of claim 2fi^there\n each 
impact absorbing member is free of voids. 

31. The impact absorbing composite of claim 2&^herein 
adjacent impact absorbing members are discrete ana individually 
distinct from each other. , 

32. The impact absorbing composite of claim 29wherein 
adjacent impact absorbing members are in contact with each other. 

33. The impact absorbing composite of claim 29 / wherein the 
impact absorbing members are movable independentlyAvith respect to 
each other. 

34. A method of making an impact absorbing cptfnposite, the 
method comprising: 

attaching a plurality of impact absorbing members to a 
flexible layer, each impact absorbing member 
integral with the flexibterlayer. 

35. A method of making an intact absorbing composite, the 
method comprising: 

attaching a plurality of first impact absorbing members to 
a flexible layer; and 

attaching a plurajfty of second impact absorbing members 
to a flexible layer, the first impact absorbing 
members and he second impact absorbing 
members located on opposing sides of the flexible 
layfer. 

36. A method of making an impact absorbing composite, the 
method comprising: 
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forming a plurality of impact absorbing members; and 
passing a flexible layer through each impact absorbing 
member; and 

attaching each impact absorbing member to the flexible 
layer. 

A method of forming an impact absorbing composite, the 
method comprising: / 

placing a flexible layer into a I molding apparatus, the 
molding apparatus haying a plurality of first 
surfaces that define a plurality of first mold cavity 
portions and a seconp surface that defines a 
second mold cavity portion and, the flexible layer 
positioned between tne first mold cavity portions 
and the second mold cavity portion, and the first 
mold cavity portions and the second mold cavity 
portion collectively forming a mold cavity; 
placing polymeric resin in the mold cavity; 
expanding the polymeric resin in the mold cavity to form 
an impact absorbing composite intermediate, the 
impact absorbing composite intermediate 
comprising expanded polymeric resin and the 
flexible layer; and 
finishing the impact absorbing composite intermediate to 
form the impact absorbing composite. 
38. The method of^laim^^vherein: 

placing polymeric resin in the mold cavity comprises 
placing the polymeric resin in the first mold cavity 
portions and the second mold cavity portion; and 
expanding/ the polymeric resin in the mold cavity 
comprises expanding the polymeric resin in the first 
mold cavity portions and expanding the polymeric 
resin in the second mold cavity portion. 
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39. The method of claipnfB8 where in: 

the flexible layer has a first major surface and a second 
major surface that are located on opposing sides of 
the flexible layer and has internal surfaces that 
define a plurality of holes that extend through the 
flexible layer from the first major surface to the 
second major surface; and 

ie mold cavity comprises 
placing the polymerid resin in the second mold 
cavity portion and allowing the polymeric resin to 
pass through the holes of the flexible layer and into 
the first mold cavity /portions. 

40. The method of claim 387wherein the flexible layer has 
internal surfaces that define a plu^affityof holes in the flexible layer, the 
method further comprising securing ttye expanded polymeric resin within 
the holes of the flexible layer. 

41 . The method of claimAKMvherein: 
the flexible layer has a first major surface and a second 

major surface, the first major surface and the 
second major surface located on opposing sides of 
the flexibjfe layer; and 
the holes of the flexible layer extend through the first 
major surface, through the second major surface, 
or through both the first major surface and the 
second major surfape. 

42. The method of claim 3y wherein the impact absorbing 
composite intermediate comprises a plurality of first impact absorbing 
members, the first impact absorbing members formed in the first mold 
cavity portions, and adjacent first impact absorbing members are 
discrete and individually distinct from each other. 

43. The method of claim 4^wherein: 
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the flexible layer has internal surfaces that define a 

plurality of holes in the flexible layer; 
the first impact absorbing members comprise the 

expanded polymeric resin; and 
the expanded polymeric resin of the first impact absorbing 
members extends into and is fixed within the holes 
of the flexible layer. 
The method of daim 37"wherein the expanded polymeric 
resin comprises closed cell polyrfieric foam. 

45. The method of claim 44 wherein the closed cell polymeric 
foam comprises polymenfc material/that is selected from the group 
consisting of polystyrene, polyethylene, polypropylene, and any 
combination of any of thfese. 

46. The method of claim 37 y^herein the jprfpact absorbing 
composite comprises: / 

a plurality of first impact absortnfig members attached to 

the flexible layer, ant 
a plurality of second impact absorbing members attached 
to the flexible/layer, the first impact absorbing 
members yand the second impact absorbing 
memb^p§ attache to opposing sides of the flexible 
lay^ 

The method of claim ^whe/ein the first impact absorbing 
members are free of voids. 

48. The method of claim 4Gf wherein adjacent first impact 
absorbing members are discrete ap6 ^dividually distinct from each 
other. 

49. The method of clainrf 46 wherein the first impact absorbing 
members are movable independently with respect to each other. 

50. The method of claim 37 yyherein the flexible layer 
comprises a net or open-me&hed fabric. 
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51. 




52. 



The method of claim 37 wherein: 

the impact absorbing>c6mposite intermediate comprises 
a plurality of first impact absorbing members, the 
first impact absorbing members formed in the first 
mold cavity portions; and 

finishing the impact absorbing composite intermediate 
comprises: 

removing excess ebcpanded polymeric resin to form 
a plurality of second impact absorbing 
members, the first impact absorbing 
members and the second impact absorbing 
members located on opposing sides of the 
flexib(leja^e^ 



The method of claim 3^whereil 
removing excess ^xpandea polymeric resin means 
thermally cutting excess expanded polymeric resin, 
mechanically cutting or routing excess expanded 
polymeric resin, vaporizing excess expanded 
polymeric rps\n f or any of these in any 
combinatic 
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